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CONVERSION FACTORS AND ABBREVIATIONS

The following factors may be used to convert inch-pound units of
measurement in this report to the International System of Units (SI).

Multiply inch-pound unit by

inch (in.) 25.4

foot (ft) 0.3048

mile (mi) 1.609

squ;re mile (mi2) _ 2.590

gallon (gal) 3.785

gallon per minute (gal/min) 0.06308

million gallons per day 0.04381
(Mgal/d)

degree Fahrenheit (°F) 5/9(°F-32)

gallon per minute per foot 0.207
[(gal/min)/ft]

gallon per day per square 1.46 x 10-3
mile [(gal/d)/mi2]

square feet per day (ft2/d) 0.0929

gallons per day per foot [(gal/d)ft] 0.0124
note: 1 ft3 = 7,49 gal.

fluid ounce (fl. oz.) 0.02957

To obtain SI uanit

millimeter (mm)

meter (m)

kilometer (km)

square kilometer (kmZ)
liter (L)

liter per second (L/s)

cubic meter per second

(m3/g)
degree Celsius (°C)

liter per second per
meter [(L/s)m]

cubic meter per day

?er square kilometer
(@3/4) /kn? ]

square meters per day

cubic meters per day

liters

Other Abbreviations Used in this Report

microgram per liter (ug/L)
milligram per liter (mg/L)

micromhos per centimeter at 25°C (umho)













































Storage Coefficient.--Storage coefficient is defined as the volume of
water released from a vertical rectangular prism having a horizoutal surface
area of 1 ft2 and extending through the entire aquifer thickness, when the
head in the aquifer is lowered by 1 ft. (See fig. 9.) Storage coefficient is
dimensionless. Values less than about 0.003 are common for confined aquifers,
and values greater than 0.1 are common for water—table aquifers. Values of
storage coefficient obtained for the Esopus Formation from these tests range
from 0.00008 to 0.003, and the most reasonable value is considered to be
around 0.0001l., This value, and the range calculated, fall within the values
typical of confined aquifer systems.

Potentiometric surface 1-square-foot cross-sectional area

1-foot decline of
potentiometric surface

- - material - -

- -Confining—= = —

mm—m—m e A ————

=" Aquifer prism of height m

e e e —_—— — —

N\,

—————————— material —— -

A Confined aquifer

1-square foot cross-sectional area

1-foot decline Water table

of water table +
; Aquifer prism of height m
|
1
|
|
1
!
|
1
'
r+
- Confining = = ———— = — =~ material-—-— -
B Water-table aquifer

Figure 9.--Storage coefficient. Value represents volume of
water released from vertical section 1 ft2 across
and m (full aquifer thickness) high when head
in aquifer is lowered 1 foot. (Modified from
Ferris and others, 1962, p. 77.)
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Specific Capacity.——Specific capacity is a qualitative measure of well
and aquifer performance, expressed as the ratio of well yield (gal/min) to
drawdown (ft). Values of specific capacity were obtained from the pumping
tests and were also computed from pumping-test data reported by drillers.
Specific capacities of wells in the Esopus Formation range from 1.4 to &4
gal/min per foot of drawdown, which is from 3 to 10 times greater than those
measured in wells 4 and 7 in the Bellvale Formation in the initial study
(Waller, 1979, p. 10). Estimates of transmissivity derived from these specif-
ic capacities range from about 450 to 1,100 ft?/d and compare reasounably well
with transmissivity values obtained from the pumping tests in wells 8 and 9.

Drawdown Estimates and Future Well Development

Estimates of expected drawdown in the Esopus Formation at distances of
1 ft to 5,000 ft from a well after 1 year of continuous pumping at rates from
100 to 400 gal/min are plotted in figure 10; expected drawdowns for pumping
periods of 1 to 5,000 days (about 14 years) at distances of 1 to 2,000 ft at
wells pumping continuously at three differeant rates are plotted in figure 11,
These estimates can be used by water—-system designers as a basis for deciding
optimum well spacing and yield as the system is expanded and as a wmeans of
evaluating well behavior in the expanded system. An example of such use would
be to evaluate the drawdown at well 13, should that well be added to the
supply system, and to determine optimum spacing and yield for any new wells

LI T

100

CALCULATED DRAWDOWN, IN FEET

T=900ft%/d

S= 0.0001
t=1year
140 | -
1 |
0 10 100 1000 5000

DISTANCE FROM PUMPED WELL, IN FEET

Figure 10.--Estimated drawdown at a well after 1 year
of pumping at 100 to 400 gal/min at distances
of 1 to 5,000 ft from well.
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Figure 11.--Estimated drawdowns at specified distances from a well
after 1 to 5,000 days of pumping at 200 to 400 gal/min:
A, 2,000 ft from well. B, 1,000 ft from well. C,
100 ft from well. D, 1 ft from well.
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that may be drilled in the same aquifer. It must be remembered, however, that
these graphs are based on only 4 days of continuous pumping and do not take
into account the effects of aquifer-boundary conditions that might develop as
a result of long-term pumping nor the effects of an extended severe drought,
both of which could produce a greater drawdown than is shown.

From the foregoing data, it can be estimated that two distant wells
pumped simultaneously and continuously at rates of 175 and 150 gal/min,
respectively, can provide a total daily yield in excess of 400,000 gal. 1If
either well were pumped singly, its yield would be increased substantially.

ESTIMATE OF POTENTIAL YIELD

Although pumpage for residential use has increased substantially from
this part of the aquifer since 1977, per~capita water use has increased only
slightly to a moderate rate of 44 to 50 gal/d per person (table 1). If the
current per—-capita rate remains constant, an additional 400,000 gal/d from
wells 13 and 8 would increase the system's output to 700,000 gal/d and thus
provide for a total population of 13,000, Water from additional wells drilled
in the area east of Bakertown Road could possibly increase total pumpage to

about 1 Mgal/d.

Table 1.--Mean daily pumpage and per-cpaita daily
use in 1977 and 1983, by month.

[Data from Village records; a dash
indicates no data available.]

1977 1983
Average monthly Per-capita Average monthly Per-capita
pumpage use pumpage use
Month (gal/d) (gal/d) (gal/d) (gal/d)
Jan. - ~ - -
Feb. 112,000 56 203,900 37
March 81,000 41 245,400 45
April 68,000 34 246,100 45
May 67,000 34 255,500 47
June 86,000 43 276,700 50
July 113,000 57 302,600 55
Aug. 189,000 95 346,300 63
Sept. 138,000 69 294,300 54
Oct. 112,000 56 302,300 55
Nov. 93,000 47 296,000 53
Dec. 91,000 _46 288,300 52
average 44 average 50
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If the estimates of aquifer recharge that were previously used by Waller
(1979) are accurate, the maximum daily withdrawal for this study area under
optimum counditions may be no more than 900,000 gal/d. This estimate also
accounts for recharge from seepage through the till. Additional water could
be derived by induced infiltration from streams and lakes (Waller, 1979,

p. 15) that would otherwise be lost as evaporation or streamflow out of the
area. Under drought conditions, when streamflow is low or zero, the quantity
of water available to wells in the area is limited to the amount of water in
storage in the aquifers at that time.

Data from several years of normal recharge and from a dry period during
the summer and fall of 1983 indicate that the wells have thus far been capable
of supplying around 300,000 gal/d without excessive drawdowns. It is impor-
tant, however, that future expansion of the water—supply system be accompanied
by regular maintenance of accurate records of pumpage, water levels, and pre-
cipitation to estimate the severity of lowered water levels. For example, the
relationship between precipitation, pumping at well 4, and water levels in
well 11, 990 ft distant, is depicted in figure 12. The interpretation is that,
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Figure 12.--Comparison of precipitation, pumpage in
well 4, and water levels at well 11
during January-September 1983.
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at the beginning of 1983, the water level in well 11 was recovering normally
from the dry period of the previous summer and fall. Meltwater from snow and
rainfall added recharge in March and April. An increase in pumpage at well 4,
coupled with the start of vegetation growth and low precipitation in May,
contributed to lowered water levels in May. Increased rain and less pumpage
caused a rise in water level in late May and June. Increased pumpage at wells
4 and 7, low rainfall, and possibly the two pumping tests in June all contri-
buted to the decline in water level from mid-June through the end of September.

SUMMARY

The sole source of water in the study area is a highly fractured bedrock-
aquifer system. The fracturing permits well yields that are several times
greater than yields from comparable wells in nearby areas. The bedrock
aquifer is recharged principally by percolation of water from precipitation
through the overlying till. Public-water supply is from four bedrock wells
that are currently pumping about 300,000 gal/d.

Analysis of data from pumping tests in two wells and in nearby obser-
vation wells indicate that the Esopus aquifer is capable of meeting a demand

of more than 400,000 gal/d.

The study period was too short to obtain an annual hydrograph of the
water table. The recharge period from September to April was not monitored
fully. However, the hydrographs of the water levels between February and
September showed the response to recharge from the preceding winter and the
discharge up to the end of September. These data indicated at least a 20-ft
range in water levels, which is attributable to normal discharge from the
system and the probable lowering due to pumpage. Water levels respond to

variations in both pumpage and precipitation,

Supplementary data acquired during this study are included as well-field
data (appendix A) and as hydrographs of wells 8, 9, and 13 (appendix B).
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A. Weli-Fleld Data

Only three of an original eight supply wells in the study area were in
service in 1984—-wells 4, 5, and 7 (fig. 1). Driller's logs of these wells are
presented in Waller (1979). A new well (no. 14) was drilled midway between
wells 5 and 7 and put into service in July 1983. Depths and top-of-casing
altitudes of all wells and distances between wells are given in table A-l;
aproximate distances between all wells are tabulated in table A-2.

Wells Installed Before 1978

The early wells and test wells were drilled as water needs of the area
increased., Wells were discontinued as they were replaced by others, and some
were not adequate to develop. Wells installed before 1978 are described below.

Operation of wells 4, 5, and 7 since 1976 has demonstrated that the
system is capable of supplying at least 300,000 gal/d without significant dif-
ficulty. However, the area has not experienced a significant period of
drought during that time, although southeastern New York experienced serious
declines in ground-water levels in 1980-8l. The response of the aquifer to
extended pumping under reduced recharge conditions of an extended drought can-
not be predicted from present knowledge (Waller, 1979, p. 15).

Wells 1, 2, 3.--Wells 1 and 2 were discontinued about 1977 and replaced by
well 5. Well 3 was never put into service but was sporadically used as
an observation well from 1977 until 1982, when it was found to be dry and

blocked at a depth of about 40 ft; it evidently had caved in.

Well 4.,--Well 4 has remained in service since it was drilled in 1976. The
water level in this well on August 1, 1983 was 145.7 ft below land sur-
face. This depth may be too great because the water level at the time
of measurement may not have fully recovered from recent pumping. The
static water level in 1977 was about 65 ft (Waller, 1979) and, on
October 18, 1982, was 87 ft. The pump intake is reported to be at 322 ft.

Well 5.--Well 5 has been in intermittent service since 1976. The high
concentration of iron in water from this well produces a gelatinous resi-
due in the well casing and at the pump intake; this reduces well yield and
requires periodic removal of the submersible pump for cleaning and repair.
On one such occasion (July 1983), static water level in this well was 64
ft below land surface.

Well 6.--Well 6, within a synagogue, is used only as a ceremonial supply
and pumped only occasionally and at a low rate that does not produce
measurable drawdown in surrounding wells. This well is not accessible
as an observation well,

Well 7.--Well 7 has remained in continuous service since its installation in
1977. The water level in this well was not measured during this study
because no suitable access port is available for lowering a tape.

Midway between wells 5 and 7 is well 14 (described further on), which was
drilled and put into service in July 1983. Because of its proximity to wells
5 and 7, its cone of influence lowers water levels in those wells and thereby
reduces pump efficiencies. The mutual interference in the immediate area of
wells 5, 7, and 14 (fig. 1) results in low pumping levels in this area.
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Table A-1.--Data on wells in study area, Orange, County, N.Y.

[Depths are in feet below land surface;

locations are shown in fig, 1]

Altitude of

top of casing Total
Well (ft above well Casing Depth to
no. sea level) depth depth bedrock
1 712,19 187 ? 30
2 712,28 ? ? 30(?7)
3 656,64 160 42 32
4 764.22 400 84 74
5 704.61 370 40 22
6 667.61 250 57 46
7 664,2 420 60 35
8 611.8 397 38.5 35
9 613.1 267 45 25
10 707.5 70 60 -
11 739.0 350 58 54
12 738.1 275 120 110
13 611.9 500 60 54
14 680+ 325 ? ?

Table A-2.--Approximate distances between wells in study area.

1,2

10
11
12
13

14

[A1l values are in feet; well locations are

shown in fig. 1]

Well Number

24

10
1960 { 1960
1300 | 1300 | 1770
90 90 | 1870 | 1275
1860 | 1860 { 690 | 1225 1790
1290 ] 1290 | 860 j 1700 | 1210 | 1200
3670 | 3670 | 1980 | 2950 | 3580 | 1630 | 2800
3580 | 3580 | 1880 | 2850 | 3480 | 1560 | 2730 120
2480 ) 2480 ] 2770 | 1300 | 2480 | 2020 | 2950 | 2820 | 2760
1800 | 1800 | 3020 | 990 | 1810 | 2480 | 2810 | 3770 | 3660 | 1290
1300 | 1300 { 1720 | 335 1250 | 1100 | 1610 | 2750 | 2640 | 1400 | 1300
3600 | 3600 | 1580 | 3430 | 3530 | 1950 | 2320 | 1590 | 1590 | 3850 | 4400 | 3150
. 800 | 800 | 1300 | 1460 | 720 | 1560 | 600 | 3140 | 3030 [ 2700 | 2330 | 1310 | 2890
1 2 3 4 5 6 7 8 9 10 11 12 13




Wells Installed Before 1979-83

Attention in the 1983 study was directed to wells 8 through 13, many of

which were drilled since the 1977 study was completed (fig. 1). All except

well

10 are completed in bedrock and cased through the section of uncon-

solidated deposits that extends from land surface to depths of 25 to 110 ft.
Depths and logs of these wells are summarized below:

Well 8.--The well numbered 8 in the original report (Waller, 1979, p. 2, 4)

Well

was destroyed after drilling, and the number was reassigned to the
easternmost member of a well pair, locally known as the Zuckerman wells,
west of Bakertown Road in the area that abuts the southeast boundary of
the Village of Kiryas Joel (fig. 1). This well was drilled to a depth of
397 ft in 1963 and entered bedrock at a depth of 35 ft. A complete
driller's log is not available, but geologic maps by Jaffe and Jaffe
(1973) suggest that the bedrock at this well is the Esopus Formation.

The well is cased with 6-inch casing and grouted in the bedrock to a
depth of 38.5 ft. Notable zones of water entry were reported by the
driller at depths of 177 ft (33 gal/min), 300 ft (75 gal/min), and 397 ft
(100 gal/min). The static water level at that time was reported to be at
land surface,

A borehole-caliper log made as part of this study to a depth of
264 ft in June 1983 shows exceptionally large fractures at 114 to 124 ft,

at 156 to 170 ft, at 197 to 211 ft, and at 236 to 252 ft. An obstruction
in the well bore prevented logging below 264 ft.

Water-level measurements were made in this well throughout the
project and during pumping tests on this and other wells. (See hydrograph
in appendix B.)

9.--This well is about 120 ft west of well 8 and was drilled to a depth
of 267 ft in July 1975. Bedrock was encountered at a depth of 25 ft and
is believed to be Esopus Formation. The well was cased and grouted in
the bedrock at a depth of 45 ft. Water-level measurements were made in
this well also throughout the study. (See hydrograph in appendix B.)

10.--This flowing well was reportedly drilled to a depth of 70 ft in the

Well

glacial deposits (primarily clayey till) that mantle the bedrock. A
gravel bed was encountered at 53 ft. Bedrock was not encountered in this
well. The well is cased to about 60 ft with 6-inch casing and screened
from the bottom of the casing to 70 ft.

A low till-covered bedrock ridge to the north rises to 170 ft above
the land-surface altitude at well 10 within a distance of about 1,500 ft.
This gradient, together with the impermeable clay confining layer above
the gravel bed, causes sufficient pressure to force water to the surface
at this site. Downward movement of water into the bedrock is inhibited

by a clayey till that underlies the gravel bed.

The flow rate was measured at 18 to 20 gal/min in June 1983 and was
not affected by pumping of the bedrock wells. This well is not intended
for use as a public-supply well and is therefore not considered further
in this report.

11.-~-This well was drilled to a reported depth of 350 ft and cased to a

Well

depth of 58 ft. Bedrock was encountered at 54 ft. The driller's log
reports "slate" from 54 to 340 ft and "brown granite" from 340 to 350 ft.
Geologic mapping of this area by Jaffe and Jaffe (1973) suggests that
this well is completed in the Bellvale Formation. A borehole caliper log



* severity below a depth of 280 ft. However the " logglng device seems; £o

- ~outcrops of the Bellvale 'are generally more massive and contain’ ﬁore

made in this well in:Jung 1983 shows: sifght- feductiops.in borgheles: v .
diameter.at 250 £t and.340 ft and a sxgnxflcant reductxon 1n fxacguxe*,v e
have malfunctioned below 250 ft. Addltxénal borehole tests would Be * Y
required to detect changes in the type of rock below 250 ft in this well.
The general regularity of the borewall and absence of abundant large
fractures in this log indicate a more competent rock than at wells 8 and

13. Comparison of outcrops of the Bellvale and Esopus confirm this;-the

widely spaced joints than outcrops, of the Esopus. ) 2
. . . O R .
The initial- static water level in this well (about 1977) ‘was . v
reported to be 10 ft below land surface. The well was reportedly pumped ;
for 3 hours at a rate of 30 gal/min, with a water-level drawdown of 11 '
fc.' Water-level fluctuations have: been recorded in this well with a con-
tinuous recorder since March 1983 and seem to respond to pumping in well 4.

(See hydrograph in appendix B.) -

12.--This well was drilled about 1982 to a total depth of 275 ft and

Well

entered bedrock of the Bellvale Fotmation at 110 ft. Casing was
installed to a depth of 120 ft. The initial static water level in this
well was reported to be 30 to 65 ft below land surface. Well 4, a large-

yield supply well 335 ft north of well 12, produces significant drawdowns ity

in this well, especially when pumped for long or extended periods. The
water level was measured periodically in this well starting in’ February
1983, but by July 22, 1983, the water level had fallkn to below 119 ft,

where an obstruction.or cave-in prevented further observation. On that :‘,'>~;

date, well 14 (described bélow) was put into service and probably lowe¥ed
the water level in this area even more.

13.--This well was drilled about 1982 to a total reported depth of 500 ft

Well

and entered bedrock (presumably the Esopus Formation) at 54 ft., Six-inch
casing was installed to a reported depth of 60 ft. A borehole caliper

log shows casing to a depth of 31 ft. Considerable fracturing is indi-
cated above 150 ft and between 420 and 440 ft, and most’ of the borehole
appears to be at least moderately fractured, a

The initial static water level in this well was reported to be 4 ft
below land surface. The well was' reportedly pumped for 4.5 hours at
25 gal/min at the time of drilling with 18 ft .of dtkwdown. Results of
pumping tests in wells 8 and 9 completed in the Esopus’ Formatlon, (wells
8 and 9, discussed above) suggest that this well can be pumped at a rate
of 200 gal/an or more. It would be adVLSable to develop this well
thoroughly before testing at this rate, and the test sPould last at least
2 days. Water-level measurements were made, and the refultlng hydrograph
is shown in appendix B. T

14.--This neWw supply well, drilled in July 1983 mldway between supply

Well

wells 5 and 7, was Lntended as an alternative supply well to be used when
either well 5 or 7 is being serviced. This well was drilled to a depth of
325 ft and completed ‘in the Bellvale Formation. Static water level at the
time of completion (wélls 5 and 7 were probably pumping) was about 51 ft
below land surface. A submersible pump was installed when the well was
put into service on July 22, 1983, The pumping level was 164 ft below
land surface. . No current 1nformatxon on the dlscharge “rate is available,
and no water meter has been 1nstalled at thxs sLte.
. oo

Transmlsslv1ty at this well is calculated to be about 1,500 £t2/d or
11,200 (gal/d)ft, from a brief recovery test made in July 1983 after the
well had been developed by high-pressure air jet for 3 hours at about 300
gal/min.

RIS



APPENDIX B

Water-level measurements in wells 9, 11, 13, and 8, February
to October 1983, showing ‘the water before and after pumping tests

DEPTH TO WATER, IN FEET BELOW LAND SURFACE
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in well$'8 on July 11-15 and well 9 on June 28-29.
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